Iron-fortification programs are efficacious and effective provided recent guidelines are followed: the iron compound is carefully chosen and its level in the food is based on target population requirements, the amount lacking in the diet, and the iron bioavailability of the diet and the compound. For monitoring, serum ferritin and transferrin receptor should be included in addition to hemoglobin. Thus, recent studies of provision of ironfortified salt to children in Morocco, rice to children in India, wheat flour to women in Thailand, and fish sauce in Vietnam have demonstrated efficacy and effectiveness. All were in nonmalarious areas, and intestinal parasites were uncommon except in India, where the children were dewormed. C-reactive protein was used to eliminate high ferritin values due to infection. An efficacy study of ironfortified salt in dewormed school-aged children in Côte d'Ivoire, where the prevalence of malaria parasitemia was 55%, found no change in hemoglobin after 6 months, but serum ferritin increased and transferrin receptor decreased significantly, and the increase in body iron and estimated iron absorbed compared favorably with the results of a study of similar design in Morocco, where the prevalence of iron-deficiency anemia decreased from 30% to 5% after 10 months. Hence, iron-fortification programs in malarious areas may not decrease anemia prevalence but will improve iron status and, presumably, iron-dependent health outcomes. Eight studies in nonmalarious areas, all but one in infants receiving iron-fortified formula, have found no evidence of increase in infections and some evidence of a decrease in respiratory infection. There have been no studies in malarious areas.
Introduction
Designing an efficacious iron-fortified food is a challenge, and there are several pitfalls that could lead to failure. First, the most well-absorbed iron compounds readily cause color and flavor problems in common food-fortification vehicles. This has led to the widespread use of insoluble iron compounds, such as elemental iron and ferric pyrophosphate, which cause little or no sensory changes but which only partially dissolve in the gastric juice and are thus less well absorbed [1] .
In addition to this uncertain bioavailability of some common iron-fortification compounds, cereal-and legume-based diets, and some food-fortification vehicles themselves, contain phytic acid/or polyphenol compounds, which are potent inhibitors of iron absorption. Although ascorbic acid, added together with the iron compound, can adequately enhance iron absorption in the presence of phytate and polyphenols [1] , it is readily degraded during processing and storage and is not suitable for addition to staple foods and condiments. For such fortification vehicles, sodium iron ethylenediaminetetraacetic acid (NaFeEDTA) may be a useful alternative [2] .
Once the iron compound has been chosen, the level of fortification must be defined. This is dependent on dietary iron bioavailability, the bioavailability of the iron compound, the consumption of the food vehicle, and the amount of dietary iron lacking in the target population. The traditional way of fortifying wheat flour has been to restore the iron level in the milled grain to that in the whole grain. This has led to the addition of relatively low levels of elemental iron compounds of lower bioavailability, leading to suggestions that efficacy may not be adequate [3] .
A further pitfall in demonstrating the efficacy of iron-fortified foods has been the choice of analytical S586 R. F. Hurrell methods with which to monitor iron status. Although hemoglobin alone has often been used to estimate the prevalence of iron-deficiency anemia, the values obtained are overestimations because they fail to take into account other causes of anemia, such as nutritional deficiencies, infectious disorders (particularly malaria and HIV infection), and hemoglobinopathies [4, 5] . Anemia not related to iron deficiency may represent half of anemia in sub-Saharan Africa [6] and will not respond to iron fortification. Alternative methods of determining iron status are available, but some, such as serum ferritin, are greatly influenced by infections and inflammatory disorders [6] . A careful choice of methods of determining iron status with which to monitor efficacy is therefore required.
In addition to food composition, subject characteristics also influence the outcome of an efficacy study. Most important are deficiencies of the other micronutrients (vitamin A and riboflavin) and the presence of infections (malaria and intestinal parasites) and inflammatory disorders. Vitamin A is needed for erythropoiesis and for the mobilization of iron from the spleen and liver stores [7] . The erythropoietin gene contains a retinoic acid response element [8, 9] , and it was recently demonstrated that vitamin A-fortified salt increased erythropoietin formation in mildly vitamin A-deficient Moroccan schoolchildren [10] . Several supplementation and fortification trials have reported vitamin A to increase hemoglobin [11, 12] or to improve iron status indicators [13, 14] . Riboflavin also appears to interfere with iron handling, and several studies in women and schoolchildren have shown improved hematological response to iron supplements when riboflavin deficiency was corrected [15, 16] .
It has long been known that iron metabolism is altered during infection and inflammation and that this results in the so-called anemia of chronic disease [17] . The recent discovery of the hormone hepcidin offers some explanation for this phenomenon. Hepcidin is a regulatory hormone secreted by the liver that inhibits both iron absorption and iron release from macrophages [18] . Hepcidin binds ferroportin at the basolateral membrane of the enterocyte, causing its internalization and degradation [19] . This decreases iron transfer into the blood, and more iron is lost in the sloughed enterocytes. Iron deficiency inhibits hepcidin release from the liver, thereby maximizing iron absorption [20, 21] .
Inflammatory disorders appear to increase circulatory hepcidin levels via the cytokine interleukin-6 (IL-6) [22] . Inflammation secondary to malaria, intestinal parasites, or other infections would therefore be expected to increase circulating hepcidin levels and block iron absorption and the release of iron stored in macrophages. Several studies have shown that malaria and chronic worm infections increase markers of inflammation [23, 24] . In addition, intestinal worms such as hookworm can negatively affect iron status by inducing blood loss [25] and impaired iron uptake at the site of absorption due to the presence of worms [26] . Frequent infections and inflammatory disorders might therefore be expected to blunt the efficacy of iron-fortified foods.
This review will attempt to demonstrate that, provided current guidelines on iron fortification are followed, and provided there is no widespread infection or deficiency of micronutrients important for iron metabolism, iron-fortified foods will positively impact on iron status. After a discussion on the choice of iron compounds, the new World Health Organization (WHO) guidelines for iron compounds are presented [27] , followed by a recommendation on how to set the iron-fortification level and on the methods of determining iron status to monitor iron-fortification efficacy studies. A series of efficacy studies that have followed these guidelines will be presented, including studies on iron-fortified wheat flour, rice, fish sauce, and salt. Only one study was conducted in a malarious region. Finally, the few studies that have monitored infectious morbidity during an iron-fortification intervention are reviewed. None of these studies, however, were conducted in malarious regions.
Choice of iron compounds
The bioavailability of iron compounds depends to a large extent on their solubility in the gastric juice during digestion. On the basis of their solubility, iron compounds have been divided into three categories, which predict their ability to dissolve in the gastric juice and thus their absorption. The three categories are water soluble, poorly soluble in water but soluble in dilute acid, and water insoluble and poorly soluble in dilute acid [3] . Ferrous sulfate is the most common water-soluble compound that readily dissolves in the gastric juice. It has become common to rank the absorption of iron compounds relative to that of ferrous sulfate (relative bioavailability [RBV] = 100). Other water-soluble compounds and compounds readily soluble in dilute acid (ferrous fumarate) also have a RBV of 100. In contrast, compounds poorly soluble in dilute acid (elemental iron and iron phosphates) have a lower and variable RBV (e.g., ferric pyrophosphate, RBV = 25 to 75) [1] . Encapsulation of the water-soluble compounds with hydrogenated oils with a capsule-to-iron compound ratio ≤ 60:40 can prevent sensory changes with little or no effect on absorption [28] .
Although the use of iron compounds that do not completely dissolve in the gastrointestinal tract has been questioned [3] , it has now been shown that by careful selection of the compound and by adjusting the fortification level, some insoluble iron compounds can be used to produce efficacious iron-fortified foods. The use of elemental iron compounds for wheat flour forti-S587 Iron fortification fication presents the biggest challenge, since five different compounds manufactured by five distinct processes are being used. These are electrolytic, H-reduced, COreduced, atomized reduced, and carbonyl. An expert committee, however, concluded that based on current knowledge, only electrolytic iron powder could be recommended as an iron fortificant and that, because it is about half as well absorbed as ferrous sulfate, it should be added at double the amount [3] . Similarly, when ferric pyrophosphate was added to salt at double the amount of encapsulated ferrous sulfate (to allow for an RBV of 50), it resulted in similar efficacy [29] .
The new WHO guidelines and recommended iron compounds for different foods are given in table 1. In general, the preferred iron compound is ferrous sulfate. If ferrous sulfate is not acceptable organoleptically, then the preferred compounds, in order of preference, are ferrous fumarate, encapsulated sulfate or fumarate, electrolytic iron at double the concentration of ferrous sulfate, and ferric pyrophosphate at double the level of ferrous sulfate. NaFeEDTA is recommended for high-phytate foods and for fish sauce and soy sauce to prevent peptide precipitation.
The use of a single RBV value to rank iron compounds has recently been questioned. First, studies in young children in Bangladesh [30] and Mexico [31] reported that ferrous fumarate added to complementary foods was absorbed only 30% to 35% as well as ferrous sulfate, indicating that perhaps children had less gastric acid production than adults. More recently, Moretti et al. [32] reported that the RBV of micronized, dispersible ferric pyrophosphate added to a rice meal varied widely from approximately 15 to 100 according to the iron status of the subjects. Ferrous sulfate absorption was far more sensitive to changes in iron status than that of micronized dispersible ferric pyrophosphate. These studies indicate that the fractional absorption of an iron compound, not its absorption relative to ferrous sulfate, should be used to assure the efficacy of an iron-fortified food.
Defining the fortification level
The recommended method for defining the level of micronutrient fortification is to ensure that the consumption of the fortified food shifts the nutrient intake distribution upwards so that the intake of the target nutrient is at least at the level of the EAR (estimated average requirement) [33] , for all except 2% to 3% of the population. The method depends on a normal distribution of nutrient requirements and is not recommended for iron, since the iron requirements for menstruating adolescents and women are not normally distributed.
The approach recommended for iron is termed the full probability approach [27] . At a given iron intake, the probability of inadequacy has been calculated for different population groups consuming diets with 5%, 10%, or 15% estimated iron bioavailability. An example of an iron-intake distribution in menstruating women consuming a diet with 5% iron bioavailability is shown in table 2. For each intake range, a prevalence of inadequacy can be estimated by multiplying the percentage of the women within that range by the probability of inadequacy. The total prevalence of inadequacy is the sum of the individual values, in this example 66.6%. On the basis of the known consumption pattern of the fortified food, the level of iron fortification is adjusted to bring the total prevalence of inadequacy to less than 2.5%. This could be achieved in the current example by providing some 40 mg of extra iron per day. If this iron readily enters the common iron pool (i.e., has an RBV close to 100), then no adjustments are necessary. If the iron compound has a bioavailability less than the estimated bioavailability in the diet, then the level of fortification iron should be increased accordingly. As a rough approximation, it is recommended that electrolytic iron and ferric pyrophosphate be added at double the recommended level, thus compensating for their lower absorption. With better knowledge of fractional absorption from the fortified food, this approach can be further refined.
Choice of methods of determining iron status
As mentioned above, hemoglobin alone is often not a satisfactory outcome measure with which to monitor the impact of iron fortification or supplementation programs. In order to improve and help standardize the monitoring of such programs, after an expert consultation, the World Health Organization and the Centers for Disease Control and Prevention (WHO/ CDC) [34] issued guidelines for assessing the impact of interventions to control iron deficiency. Serum ferritin is selected as the best indicator, and it is recommended that serum ferritin should be measured with hemoglobin in all evaluations. Since serum ferritin is an acute-phase protein that increases during inflammation and infection, measurement of C-reactive protein and α 1 -acid glycoprotein (AGP) is suggested as a useful way to eliminate subjects with high ferritins due to infection or inflammation. Although its measurement is currently expensive, transferrin receptor, which is little influenced by infection [6] , can be used to better define iron-deficiency anemia, and a combination of receptor and serum ferritin can be used to calculate body iron stores [35] .
Efficacy and effectiveness of iron-fortified foods
Although iron fortification has been practiced for many years, attempts to demonstrate the efficacy of iron-fortified foods have, until recently, met with only mixed success. While early studies in Chile with ironfortified infant formulas [36, 37] and infant cereals [38] demonstrated efficacy, and NaFeEDTA-fortified fish sauce [39] , curry powder [40] , and sugar [41] modestly improved iron status, iron-fortified salt in India [42] and iron-fortified wheat flour in Sri Lanka [43] did not impact on hemoglobin concentrations. In recent years, however, with more rigorous study design and a better choice of iron status indicators, efficacy studies have clearly demonstrated improved iron status in children or young women fed iron-fortified wheat flour, salt, fish sauce, and rice. All studies have used a randomized, double-blind, controlled design, and some have preselected subjects with iron deficiency or iron-deficiency anemia. The fortification levels were chosen carefully based on current iron intake, iron requirement, intake of food vehicle, bioavailability of the regular diet, and bioavailability of the iron-fortification compound. Most importantly, the studies used a battery of iron status measures, including hemoglobin, serum ferritin, transferrin receptor, zinc protoporphyrin (ZPP), and C-reactive protein.
Although there are no real effectiveness studies monitoring the iron status of populations consuming iron-fortified foods introduced onto the commercial market, some study designs are close to that of an effectiveness study.
Salt
Two studies in northern Morocco have demonstrated 
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Iron fortification the usefulness of salt as a vehicle for iron fortification. This part of Africa has no malaria and a low prevalence of intestinal parasites. In the first study [44] , salt was fortified with encapsulated ferrous sulfate at 1 mg of iron per gram. The target group was school-aged children who had a daily iron intake of 9 to 15 mg and a daily salt intake of 7 to 12 g. The level of fortification assumed that the normal diet, based on wheat flour bread, fava beans, chick peas, and olives, had a 5% iron bioavailability. The salt was distributed monthly at the household level and added to common foods (mainly bread). Two groups of 80 children 6 to 15 years of age, receiving either the iron-fortified or the control salt, were followed for 40 weeks. Hemoglobin, serum ferritin, transferrin receptor, and ZPP were measured at baseline, 20 weeks, and 40 weeks. Iron-deficiency anemia was defined as low hemoglobin and two out of three iron status parameters outside the normal range.
The prevalence of iron-deficiency anemia fell from 35% at baseline to 8% at 40 weeks (p < .001), with no change in the control group.
Because the encapsulated ferrous sulfate turned the salt slightly yellow in the wet season, a second fortified salt was developed with finely ground ferric pyrophosphate [29] . Since this compound is about half as well absorbed as ferrous sulfate, the fortification level was increased to 2 mg of iron per gram.
As before, the salt was provided monthly at the household level, added to the common foods, and fed for 10 months to two groups of 80 children 6 to 15 years of age in a randomized, double-blind, controlled design. Hemoglobin, serum ferritin, transferrin receptor, and ZPP were measured at 0.5 and 10 months, and iron-deficiency anemia was defined as before. The prevalence of iron-deficiency anemia fell from 30% at baseline to 5% at 10 months (p < .001), with no change in the control. Although the study was described by the authors as an efficacy study, the intake of the fortified salt was not controlled, and the design approaches that of an effectiveness study.
Fish sauce
The International Life Sciences Institute (ILSI) fish sauce studies in Vietnam are a classic example of how to develop an iron-fortified food. First, sensory studies demonstrated that NaFeEDTA was the only iron compound that gave an acceptable product and did not precipitate the fish sauce peptides. Stable isotope studies, indicating good absorption from rice-based meals [45] , then preceded both efficacy [46] and effectiveness trials [47] .
The efficacy study [46] was a randomized, doubleblind, controlled study in two groups of approximately 60 anemic women consuming 9 mg of iron per day from a rice-based diet estimated to have moderate (10% to 15%) iron bioavailability. The fish sauce was fortified with NaFeEDTA at 1 mg iron/mL, and 10 mL was fed six times per week at lunch with a rice (or noodle) and vegetable meal. The women were factory workers and received their meal in a supervised setting. Hemoglobin, serum ferritin, and transferrin receptor were measured at baseline, 3 months, and 6 months, and iron-deficiency anemia was defined as low hemoglobin plus serum ferritin or transferrin receptor outside the normal range. The prevalence of iron-deficiency anemia fell from 70% at baseline to 20% at 6 months (p < .0001), with little or no change in the control group.
In the subsequent effectiveness trial, the fish sauce was provided free of charge for 18 months to all households in 21 villages in the Red River Delta region of Vietnam. The villages were randomly assigned to the fortified sauce (11 villages) or the control sauce (10 villages). The sauce was fortified with NaFeEDTA at 0.5 mg of iron per milliliter. Hemoglobin and serum ferritin were measured at baseline and at 6, 12, and 18 months in two groups of 288 women. The prevalence of iron deficiency (serum ferritin < 12 µg/L) in the women receiving the fortified sauce decreased from 22% at baseline to 4% at 18 months (p < .0001), and the prevalence of anemia fell from 25% to 8.5% (p < .02) over the same period. Hemoglobin and serum ferritin values in the control group did not change.
Wheat flour
A recent efficacy study [48] was performed in 330 Thai women with low iron stores (serum ferritin < 25 µg/L) randomly assigned to one of four groups who consumed snacks made from wheat flour fortified with electrolytic iron, H-reduced iron, ferrous sulfate, or no iron. The women worked in clothing factories and were fed the snack fortified with 12 mg of iron in a supervised setting at break time for 35 weeks. Hemoglobin, serum ferritin, and transferrin receptor were measured at baseline and 35 weeks. Body iron was calculated as described by Cook et al. [35] . At baseline, mean body iron in the different groups ranged from 1 to 1. 
Rice
Because rice is usually consumed as intact grains, fortification with micronutrients is more difficult. Several iron-fortification technologies, including coating and extrusion of an iron-fortified premix, have been reported [49, 50] , although to date none has been established on a large scale. The premix is diluted at a specific level with normal rice.
Recently Moretti et al. [51] have reported an efficacy trial from Bangalore, India, where iron-fortified rice fed in a school lunch program was combined with deworming as a strategy to combat iron deficiency. In a 7-month, double-blind trial, iron-depleted 6-to 13-year-old children (N = 184) were randomized to receive a control nonfortified rice meal 6 days per week or the same meal fortified with 20 mg of iron as finely ground ferric pyrophosphate.
The iron compound (10 mg iron/g) was contained in extruded artificial rice grains that were mixed at a 1:50 ratio with local rice. The children were dewormed at baseline and again at 3.5 months. About 80% of the children had iron deficiency at baseline, including around 30% with iron-deficiency anemia.
The results are summarized in table 3. Although hemoglobin did not increase in the dewormed children consuming the fortified rice, there were significant increases in serum ferritin and body iron stores and a significant decrease in transferrin receptor. There were also significant changes in serum ferritin, transferrin receptor, and body iron stores in the dewormed control group, but for each parameter the change in this group was significantly less than for the dewormed children receiving the fortified rice. The increase in body iron between baseline and 7 months in the dewormed children receiving the fortified rice (2.7 mg/kg body weight) was significantly greater (p < .01) than the increase in the dewormed control children (1.2 mg/ kg body weight).
It was somewhat surprising that the median hemoglobin level did not increase in the children consuming the iron-fortified rice. However, this could be explained by the relatively high infection rates observed. In contrast to the study in Morocco [29] , where the prevalence of elevated C-reactive protein was only 4% to 6%, in Bangalore elevated C-reactive protein ranged between 8% and 20% at the different time points. This was due to a range of minor diseases and illnesses (table 4). There was no malaria. Morbidity in both study groups was assessed at weekly intervals. The children were asked by the study monitors to identify diseases or illnesses from a list and to quantify their severity by estimating the number of days they were affected by them. The results are shown in table 4. There was no significant evidence for an effect of iron fortification on the frequency and/or severity of infectious diseases, as measured by the questionnaire (p = .38).
Efficacy study with iron-fortified salt in Côte d'Ivoire
As a follow-up to the two highly successful efficacy studies with iron-fortified salt in Morocco [29, 44] , a similar study was performed in Côte d'Ivoire, in an area with a known high prevalence of malaria and intestinal Vomiting  147  194  Stomach pain  601  692  Ear pain  165  207  Skin problem  19  47  Eye infection  79  178  Measles  24  9  Throat pain  171  107  Other  214  254   Total  3,624  3,991 a. The numbers represent the sum of the days affected by the specific disease or sickness. b. With a univariate general linear model, there was no significant evidence that iron had an effect on the prevalence of infectious diseases (p = .380). Source: Moretti et al. [32] .
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Iron fortification parasites [52] . Malaria prevalence was reported to be 55%, elevated C-reactive protein 11%, and riboflavin deficiency 66%. Most children, however, had adequate vitamin A status. The study was a 6-month, doubleblind study in two groups of 60 schoolchildren 6 to 15 years of age with iron deficiency or iron-deficiency anemia. On their normal diet of plantains, rice, yams, and smoked fish, the children were estimated to have an iron intake of 10 mg/day. The salt was fortified at 3 mg iron/g with finely ground ferric pyrophosphate so as to provide 10 mg of extra iron per day in 3 to 4 g of salt. The salt was distributed to households and used mainly for sauce preparation. Unlike in Morocco, the children were treated for worms at baseline and 4 months.
The results are shown in table 5. As in the Bangalore study [51] , hemoglobin did not increase in the dewormed children fed the iron-fortified or the control salt. However, despite the high level of infections, as indicated by the high range in serum ferritin, the iron-fortified salt coupled with deworming resulted in a useful increase in serum ferritin (p < .05) and body iron (p < .001) and a decrease in transferrin receptor (p < .05). Deworming alone had no influence on the serum ferritin and transferrin receptor values. At 6 months, only the mean transferrin receptor value significantly differed in the dewormed children receiving the iron-fortified salt and those receiving the control salt. Interpretation is complicated because there was no randomization at baseline. For practical reasons, children were fed the control salt in two schools and the fortified salt in two other schools.
Over a relatively short period, therefore, a combined deworming and iron-fortification program usefully improved iron status without influencing hemoglobin. Iron fortification plus deworming increased serum ferritin and iron stores and decreased transferrin receptor to a greater extent than deworming alone. The question now arises whether the efficacy of the iron-fortified salt in Côte d'Ivoire was decreased due to malaria, widespread infection, and riboflavin deficiency. In an attempt to answer this question, table 6 compares the change in iron status parameters from the similar saltfortification trial in school-aged children in Morocco [29] with that in Côte d'Ivoire [52] . In these studies, both salts were fortified with finely ground ferric pyro- at 10% to 15%. The major difference between the two sets of results is that after 5 months, hemoglobin increased significantly in the Moroccan children, whereas in the Côte d'Ivoire children at 6 months there was no change in hemoglobin. The decrease in transferrin receptor was also slightly greater in the Moroccan children, and the gain in body iron at 5 months was threefold higher than that observed in the children from Côte d'Ivoire (who had additionally been dewormed). However, this could perhaps be explained by a twofold greater intake of fortification iron in Morocco: 20 mg/day compared with 10 mg/ day in Côte d'Ivoire. It should also be stressed that most iron in Morocco was added to bread, whereas in Côte d'Ivoire it was added to sauces. When absorption was calculated based on body iron increase compared with iron intake, 2% absorption was estimated for the Moroccan children [29] and 3% to 3.5% for the Ivorian children [52] .
In conclusion, provided that fortification guidelines are carefully followed, iron-fortified foods are an efficacious and effective way to improve iron status in women and children in nonmalarious areas. In malarious areas or in areas of high infection, hemoglobin is more resistant to change, and iron-fortification programs may not decrease the prevalence of anemia or iron-deficiency anemia. However, iron status does improve even in malarious areas, and there is no clear evidence of a blunted response.
Effect of iron-fortified foods on the incidence of infectious morbidity in children
Two recent reports have comprehensively reviewed the influence of iron-fortified foods on infectious illness in children [53, 54] . In both reviews, the much smaller number of iron-fortification studies were analyzed together with the iron-supplementation studies. No further studies, apart from that of Moretti et al. [51] , have been reported since these reviews, and none of the studies were carried out in malarious areas.
Oppenheimer [53] included five iron-fortification studies in his evaluation. All had reported the incidence of infection in nonmalarious areas and involved the feeding of infants with iron-fortified infant formulas or iron-fortified complementary food [55] . Mackay [56] supplied 50 to 100 mg iron/day in infant formula and reported a fourfold decrease in respiratory infections during the winter months, but no effect in the summer months and no effect on diarrhea. In a similar 18-month study in the United States with formulas containing 10 mg iron/L, Andelman and Sered [57] also reported an almost twofold decrease in respiratory infections. The three other studies followed infants fed infant formulas in Chile [58] and South Africa [59] or an infant cereal in Pakistan [55] and found no influence of iron fortification on the incidence of diarrhea or respiratory infections (the relative risk for iron vs. placebo ranged from 0.81 to 1.05).
Oppenheimer [53] concluded that, although there was a strong case to support iron fortification of infant formula, there was no evidence that iron fortification increases infectious morbidity.
In their analysis, Gera and Sachdev [54] identified 47 randomized, controlled trials of iron supplementation or iron fortification that were potentially eligible for inclusion; however, only 29 met their inclusion criteria, and only 5 of these studies had administered iron-fortified foods. Three studies included by Oppenheimer [53] were not retained; however, an additional three studies were included. All followed infants (6 to 10 months of age) were fed iron-fortified infant formulas (6.5 to 12 mg iron/L) in Chile [60] , Hungary [61] , and the United Kingdom [62] for a period of 6 to 10 months.
The results of these studies are summarized in table 6. The incidence rate ratio varied from 0.91 to 1.29. Only Brunser et al. [60] in Chile reported that the incidence of diarrhea was higher (p < .025) in infants receiving the iron-fortified formula. The other four studies found no difference in diarrheal incidence with iron fortification. The same four studies also evaluated respiratory tract infections; according to Gera and Sachdev [54] , there was evidence of a protective effect of the ironfortified formulas on the incidence of respiratory infections. The incident rate ratio was 0.92 (95% confidence interval [CI], 0.86 to 0.98; p = .02).
The overall conclusion of Gera and Sachdev [54] was that oral supplementation with medicinal iron increased the incidence of diarrhea in children (incidence rate ratio, 1.11; 95% CI, 1.01 to 1.25; p = .04). However, as there was a near absence of an effect of iron-fortified foods, they speculated that because the lower dose in iron-fortified foods was closer to the physiologic situation, food fortification could be the safest public health intervention.
It can be concluded that the consumption of ironfortified infant foods in nonmalarious areas does not increase the incidence of infectious morbidity; however, no conclusion can be made with respect to their safety in malarious areas, since no studies have been reported.
